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Abstract: The increased antiretroviral therapy (ART) coverage of patients in the absence of routine
genotyping tests and in the context of active labor migration highlight the importance of HIV-1
drug resistance (DR) surveillance in Armenia. We conducted a two-phase pretreatment DR (PDR)
study in 2017–2018 (phase I; 120 patients) and 2020–2021 (phase II; 133 patients) according to the
WHO-approved protocol. The analysis of HIV-1 genetic variants showed high degrees of viral
diversity, with the predominance of A6. The prevalence of any PDR was 9.2% in phase I and 7.5%
in phase II. PDR to protease inhibitors was found only in 0.8% in phase II. PDR to efavirenz and
nevirapine was found among 5.0% and 6.7% of patients in phase I, and 6.0% and 6.8% of patients in
phase II, respectively. The prevalence of PDR to nucleoside reverse-transcriptase inhibitors decreased
from 5.0% in phase I to 0.8% in phase II. In addition, we identified risk factors associated with the
emergence of DR—male, MSM, subtype B, and residence in or around the capital of Armenia—and
showed the active spread of HIV-1 among MSM in transmission clusters, i.e., harboring DR, which
requires the immediate attention of public health policymakers for the prevention of HIV-1 DR spread
in the country.

Keywords: HIV-1; PDR; drug resistance; EECA; Armenia

1. Introduction

HIV infection is a major public health problem in Eastern Europe and Central Asia
(EECA), where new infections continue to increase [1].

At the same time, one of the EECA countries, Armenia, is characterized by a relatively
low HIV-1 infection prevalence rate among these regions, with 369 new HIV cases registered
in 2020, and the total cumulative number of cases being 4154. [2]. The estimated proportion
of people living with HIV in the national population is 0.12%; this percentage is doubled
among ages 15–49 [1]. In 2017, Armenia implemented the “treat-all”, “treat-early”, and
“treatment as the prevention” WHO policy, and there was significant progress in of care
and treatment for people living with HIV (PLWH). The rate of people who knew their
HIV-positive status notably increased from 48% in 2016 to 77% in 2020. The proportion
of PLWH who received antiretroviral therapy (ART) from the total diagnosed PLWH
expanded from 55% in 2016 to 81% in 2020. In addition, the percentage of PLWH receiving
ART who achieved an undetectable HIV viral load also increased from 68% in 2016 to 86%
in 2020 [3,4].

Current national HIV-infection treatment and prevention clinical guidelines in Arme-
nia are in line with the updated WHO recommendations [5]. Since 2017, ART initiation has
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been offered to all people living with HIV following a confirmed HIV diagnosis, regardless
of clinical stage and CD4 cell count [6].

However, a further increase in ART coverage without resistance testing is likely to be
associated with an increase in HIV drug resistance (DR) and its spread, which can limit the
success of ART [7–9].

Unfortunately, resistance testing prior to ART initiation or surveillance of pretreatment
drug resistance (PDR) as recommended by the WHO [10] is not a common approach in
Armenia, due to the unavailability of the procedure and its high costs [11]. By 2018, less
than 100 nucleotide sequences of HIV from Armenian patients were available in public
databases to assess HIV DR to major classes of antiretroviral (ARV) drugs. Over the past
10 years, a period in which the coverage of ART significantly increased, no studies assessing
the prevalence of HIV DR in the country were conducted [12].

In Armenia, HIV is mainly transmitted through heterosexual contact (73% of the
cumulative number of HIV cases), and 69% of all diagnosed HIV cases are men [2]. Notably,
Armenia is characterized by numerous labor migrants, who are among the key populations
most vulnerable to HIV in the country [13]. More than 50% of infections among Armenian
citizens were shown to have occurred outside the country [14]. In addition, the high rate of
migration to the Russian Federation, other parts of Eastern Europe, and Central or Western
Asia for work could be a risk factor for further HIV transmission and DR.

In this regard, we conducted a two-phase PDR study according to the WHO guidelines.
The results of the first phase, which was performed in six countries of the EECA region,
including Armenia, were published [15].

Until 2019, the main first-line ART regimens were based on two nucleoside reverse-
transcriptase inhibitors (NRTIs) (mainly, tenofovir disoproxil fumarate (TDF) (or zidovu-
dine (AZT)) + lamivudine (3TC) (or emtricitabine (FTC)) and one non-nucleoside reverse-
transcriptase inhibitor (NNRTI) (efavirenz (EFV) or nevirapine (NVP)) or dolutegravir
(DTG) [16]. To date, Armenia has transitioned from NNRTI- to DTG-containing first-line
ART regimens. Moreover, now, the preferred first-line ART regimens contain two NRTIs
(mainly, TDF + 3TC (or FTC)) and DTG [17]. Notably, in 2016, Armenia put in place agree-
ments to allow generic manufacturers to produce DTG. However, only in 2021, a significant
proportion (more than 80%) of patients began to receive DTG; in 2020, the rate was about
30%, in 2019, just over 11%, and in 2018, less than 1% [6,18].

Thus, the continuation of our PDR study was performed to verify any changes in the
features and prevalence of HIV DR among patients starting non-NNRTI ART regimens.

In this study, we aimed to assess PDR prevalence in 2020–2021, compare the new data
with those obtained in the first phase of the study in 2017–2018, and clarify the factors
associated with the emergence of drug resistance in Armenia.

2. Materials and Methods
2.1. Study Population

We conducted a two-phase, nationally representative, cross-sectional, retrospective
surveillance study of PDR in 2017–2018 (phase I) and 2020–2021 (phase II) according to the
WHO-approved protocol. The study population included adult patients (age 18 or over)
eligible to initiate first-line ART, including ARV drug naïve people and people who had
interrupted ART before restarting first-line ART without reported virological failure. Study
enrollment took place at the National Center for Infectious Diseases (Yerevan, Armenia),
which is the only ART delivery clinic in the country.

The number of patients starting first-line ART in the country was rather small, and all
of them were enrolled in the study where informed written consent was obtained. In total,
143 patients and 164 patients initiating or reinitiating first-line ART in 2017–2018 (phase I)
and 2020–2021 (phase II), respectively, were included in the study. Blood samples were
collected for 6 months in each phase; between 1 October 2017 and 31 March 2018 in phase I,
and between 1 October 2020 and 31 March 2021 in phase II. The collecting and processing
of blood samples followed WHO laboratory guidance.
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Demographic, clinical, and epidemiological data of the participants were obtained
from the participants’ medical records.

2.2. RNA Extraction and HIV-1 Sequencing

An AmpliSens® HIV-Resist-Seq kit (Central Research Institute of Epidemiology, Rus-
sia) was used for RNA extraction from blood plasma samples and for the amplification and
sequencing of the HIV pol gene region encoding a protease and part of a reverse transcrip-
tase (2253–3369 bp according to the HXB-2 strain; GenBank accession number: K03455).

Quality assurance of HIV-1 sequences was carried out using the WHO HIV DR qual-
ity control tool (http://pssm.cfenet.ubc.ca/who_qc/, accessed on 6 July 2022) before
data analysis.

The HIV-1 sequences generated from this study were submitted to the NCBI database.

2.3. HIV-1 Subtyping

HIV-1 subtypes were determined using Stanford HIV Resistance Database (https://
hivdb.stanford.edu/, accessed on 6 July 2022) and the HIV BLAST tool (https://www.hiv.
lanl.gov/content/sequence/BASIC_BLAST/basic_blast.html, accessed on 6 July 2022) and
were subsequently clarified via phylogenetic analyses.

Phylogenetic analyses were performed with MEGA 6.0 software using the maximum
likelihood (ML) method with bootstrap (500 replications) and the generalized time re-
versible (GTR + G + I) model of nucleotide substitution with HIV-1 subtype references from
Los Alamos National Laboratory (https://www.hiv.lanl.gov/content/index, accessed on
21 September 2022).

2.4. HIV-1 Drug-Resistance Analysis

The Stanford HIV Drug Resistance Database (HIVdb Program v 9.1) was used to
describe and interpret the HIV DR level and drug-resistant mutations (DRMs), including
the WHO’s surveillance DRMs (SDRMs) [19].

The DR level was classified according to the Stanford Penalty Score as high (60),
intermediate (30–59), or low (15–29).

Sequences with PDR were defined as sequences with a Stanford Penalty Score of 15
or higher with respect to the following antiretroviral drugs according to the PDR criterion
suggested by the WHO [20]:

• Non-nucleoside reverse-transcriptase inhibitors (NNRTIs): efavirenz (EFV) and nevi-
rapine (NVP);

• Any nucleoside reverse-transcriptase inhibitors (NRTIs): abacavir (ABC), zidovudine
(AZT), stavudine (d4T), didanosine (ddI), emtricitabine (FTC), lamivudine (3TC), and
tenofovir disoproxil fumarate (TDF);

• Protease inhibitors (PIs): atazanavir/ritonavir (ATV/r), darunavir/ritonavir (DRV/r),
and lopinavir/ritonavir (LPV/r).

2.5. Cluster Analysis and Tree Vizualization

Transmission clusters were determined by Cluster Picker 1.2.3 [21], with a genetic dis-
tance threshold of 0.045 and bootstrap support of more than 0.9. Tree visualization and anno-
tation were performed using iTOL (https://itol.embl.de/, accessed on 22 September 2022).

2.6. Statistical Analysis

Estimates of the prevalence of PDR were calculated with 95% confidence intervals
(CIs). Comparisons among groups were performed using Fisher’s exact tests. To determine
the significance of the difference between the means of two unrelated groups, independent
t-tests were used. Statistical significance was defined as p-values < 0.05. All analyses were
performed using STATA (v15).

http://pssm.cfenet.ubc.ca/who_qc/
https://hivdb.stanford.edu/
https://hivdb.stanford.edu/
https://www.hiv.lanl.gov/content/sequence/BASIC_BLAST/basic_blast.html
https://www.hiv.lanl.gov/content/sequence/BASIC_BLAST/basic_blast.html
https://www.hiv.lanl.gov/content/index
https://itol.embl.de/
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2.7. Ethics

This study was approved by the local ethics committee of the Central Research Institute
of Epidemiology (Moscow, Russian Federation) and the ethics review committee of the
National Center for Infectious Diseases (Yerevan, Armenia) according to national legislation.
The informed written consent of each patient who participated in the study was obtained
prior to the sampling and collection of clinical, demographic, and epidemiological data.
All the data were anonymized and coded at a national level.

3. Results
3.1. Characteristics of the Study Cohorts

The total specimens eligible for genotyping were 143 and 164 for phases I and II,
respectively. The genotyping results were successfully obtained for 132 and 148 of these.
The total sequences subjected to quality control using the WHO HIV DR quality-control
tool were 120 and 133. Thus, the overall efficiencies were 83.9% and 81.1% for phases I
and II, respectively.

The epidemiological and clinical data of participants from both sampling phases in
2017–2018 (I) and 2020–2021 (II) are summarized and compared in Table 1.

Table 1. Epidemiological and clinical characteristics of the study population.

Characteristics
Sampling Years

p-Value
2017–2018 2020–2021

Number of patients 120 133
Median age, years (IQR) 37 (29–45) 41 (30–47) 0.56

Sex, n (%)
Male 79 (65.8) 92 (69.2) 0.59

Female 41 (34.2) 41 (30.8) 0.59
Transmission risk group, n (%)

Heterosexual 102 (85.0) 101 (75.9) 0.08

MSM 6 (5.0) 18 (13.5) 0.03

IDU 11 (9.2) 14 (10.5) 0.83

Unknown 1 (0.8) 0 -
Viral load (log10 copies/mL), median (IQR) 5.2 (4.3–5.9) 5.0 (4.5–5.6) 0.48

CD4+ T-cell count (cells/mm3), median (IQR) 325 (78–504) 216 (62–409) 0.53
Prior ARV drug exposure, n (%)

Yes 7 (5.8) 6 (4.5) 0.78
No 113 (94.2) 127 (95.5) 0.78

Date of first positive immune blot, n (%)

2007 1 (0.8) 0 -

2009 1 (0.8) 0 -

2010 1 (0.8) 0 -

2011 3 (2.5) 0 0.11

2012 3 (2.5) 2 (1.5) 0.67

2013 1 (0.8) 0 -

2014 5 (4.2) 1 (0.8) 0.10

2015 3 (2.5) 1 (0.8) 0.35

2016 4 (3.3) 1 (0.8) 0.19

2017 86 (71.7) 0 0.0001

2018 7 (5.8) 0 0.0001

2019 NA 4 (3.0) -

2020 NA 45 (33.8) -

2021 NA 79 (59.4) -

Unknown 5 (4.2) 0 0.02

Statistically significant values (p < 0.05) are indicated in bold. Abbreviations: IQR, interquartile range; MSM, men
having sex with men; IDU, intravenous drug users; ARV, antiretroviral; NA, not applicable.
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The median ages of the patients were similar in both phases of the study, ranging from
37 to 41.

Over half of the patients were male (65.8% and 69.2%) and reported heterosexual
contact (85.0% and 75.9%) as the main risk factor in phases I and II, respectively. The
prevalence of the MSM risk factor among patients in phase II was significantly higher than
in phase I (5.0% vs. 13.5%; p = 0.03).

The median CD4+ T-cell count decreased from 325 cells/mm3 to 216 cells/mm3 in
the first and second phases, respectively, but this difference was not statistically significant
(p = 0.53).

The majority of patients in both phases had no antiretroviral (ARV) exposure and had
their first positive immune blot in 2017 in phase I (71.7%) and between 2020 (33.8%) and
2021 (59.4%) in phase II. Thus, most patients were newly diagnosed.

3.2. Prevalence of HIV-1 Genetic Variants

A high degree of viral diversity was observed (Figure 1). The most prevalent HIV-1
genetic variant in both phases was sub-subtype A6, with 79.2% (95% CI, 63.2–95.1%) and
85.7% (95% CI, 70.0–101.4%) in 2017–2018 and 2020–2021 (p = 0.1867), respectively. The
temporal trends of sub-subtype A6 increased, whereas subtype B had a decreasing trend.
HIV infections in Armenia were caused by subtype B in 10.0% (95% CI, 5.2–17.5%) and 4.5%
(95% CI, 1.7–9.8%) of cases in phases I and II (p = 0.14), respectively. HIV-1 recombinant
forms were also identified. CRF63_02A6 was found in 5.0% and 6.8% of cases in phases I
and II, respectively. In five other samples (1.7% in phase I and 2.3% in phase II) a unique
recombinant form (URF) was identified, genetically close to the AG recombinant forms
isolated in Uzbekistan (in particular, sample AY829204), which is currently regarded as a
recombinant formed by CRF63_02A6 and CRF02_AG (URF0263). In addition, we identified
two samples of CRF03_AB (phase I), one sample of CRF24_BG (phase II), and one of
CRF06_cpx (phase I), which is rare in the EECA region.
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pling years.

3.3. Prevalence of DRMs

The most prevalent PI DRMs were M46I (2.5%) and L10F (1.7%) in phase I, and these
were found in one person (0.8%) in phase II.

The most frequent NRTI DRM was A62V, with prevalence rates of 28.3% and 24.1% in
phases I and II, respectively. Of note, this is a polymorphic mutation in sub-subtype A6
and, alone, probably confers little to no NRTI resistance. T69D and L210W were also found
in 2.5% of patients in phase I.

Of the NNRTI DRMs, E138A (4.2% and 8.3%) and V106I (5.8% and 3.8%) were the
most frequently observed in phases I and II, respectively. Other substitutions were found
in codon 138 (E138G/K), with a prevalence of 3.8% among patients in phase II. Mutations
in codon 138 were not considered for PDR estimation, because they are associated with
reduce susceptibility to rilpivirine. In addition, E138A is a polymorphic mutation in
sub-subtype A6.
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Notably, the prevalence rates of K103N, which is important for both the clinical impact
and surveillance of DR transmission because of its long persistence [22], were 1.7% and
3.0% in phases I and II, respectively.

The frequencies of all DRMs are shown in Table 2.

Table 2. Prevalence of DRMs in Armenia in 2017–2018 and 2020–2021.

Sampling Data 2017–2018
(n = 120), %

2020–2021
(n = 133), % p-Value

PI DRMs

L10F 1.7 0.8 0.61

L24F 0 0.8 -

K43T 0 0.8 -

M46I 2.5 0.8 0.35

M46V 0 0.8 -

G73S 0 0.8 -

T74P 0.8 0.8 -

T74S 0.8 0 -

I84V 0 0.8 -

NRTI DRMs

E40F 0.8 0 -

M41L 0.8 0 -

E44D 0 1.5 0.50

A62V 28.3 24.1 0.48

D67N 0.8 0 -

T69D 2.5 0 0.11

T69N 0.8 0 -

K70R 0.8 0 -

V75A 0.8 0 -

M184V 0.8 0 -

L210W 2.5 0.8 0.35

T215D 1.7 0.8 0.61

T215Y 0.8 0 -

K219E 0.8 0 -

NNRTI DRMs

A98G 1.7 0 0.22

K101E 0 1.5 0.50

K103N 1.7 3.0 0.69

V106I 5.8 3.8 0.56

V108I 2.5 0.8 0.35

E138A 4.2 8.3 0.21

E138G 0 3.0 0.12

E138K 0 0.8 -

V179D 0.8 0 -

Y181C 1.7 0.8 0.61

Y181S 0 0.8 -

G190A 0.8 0.8 -

K238T 0 0.8 -
Surveillance drug resistant mutations are in bold. Abbreviations: DRMs, drug resistant mutations; PI, protease
inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; NNRTI, non-nucleoside reverse-transcriptase inhibitor.
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3.4. Prevalence of PDR

The prevalence of any PDR slightly decreased from 9.2% (95% CI, 4.6–16.4%) in 2017–
2018 to 7.5% (95% CI, 3.6–13.8%) in 2020–2021 (p = 0.66).

PDR to PIs was found only in one patient (0.8% (95% CI, 0.0–4.2%)) in phase II of the
study (Figure 2a).

Viruses 2022, 14, x FOR PEER REVIEW 8 of 15 
 

 

 

Figure 2. PDR prevalence in Armenia in the 2017–2018 and 2020–2021 sampling years for (a) an-

tiretroviral drugs and (b) antiretroviral drugs with DR levels. Error bars represent 95% CIs. Ab-

breviations: ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; LPV/r, lopinavir/ritonavir; 

ABC, abacavir; AZT, zidovudine; d4T, stavudine; ddI, didanosine; FTC, emtricitabine; 3TC, 

lamivudine; TDF, tenofovir disoproxil fumarate; EFV, efavirenz; NVP, nevirapine. 

PDR to NRTIs decreased from 5.0% (95% CI, 1.8%–10.9%) in phase I to 0.8% (95% CI, 

0.0%–4.2%) in phase II (p = 0.06), mainly due to ddI. The PDR prevalence rates of other 

NRTI ARV drugs were 2.5% (95% CI, 0.5%–7.3%) and 0.8% (95% CI, 0.0%–4.2%) for ABC, 

AZT, d4T, and TDF, and 0.8% (95% CI, 0.0%–4.6%) and 0.0% (95% CI, 0.0%–2.8%) for FTC 

and 3TC in phases I and II, respectively. 

PDR to NNRTIs slightly increased from 5.0% (95% CI, 1.8%–10.9%) in phase I to 

6.0% (95% CI, 2.6%–11.8%) in phase II for EFV (p = 0.79) and remained almost the same in 

phases I and II (6.7% (95% CI, 2.9%–13.1%) and 6.8% (95% CI, 3.1%–12.8%)) for NVP. 

However, PDR in patients in phase II of the study was predominantly found to be at high 

levels (Score ≥ 60) (Figure 2b). 

3.5. Factors Associated with PDR 

We explored PDR prevalence and its associated risk factors—sex, transmission risk 

group, HIV-1 genetic variant, prior ARV exposure, and region of origin. 

Because of the small sample size, most of the identified associations were not statis-

tically significant; therefore, we combined the data obtained in the two phases for this 

analysis. The associations in each phase are separately and collectively presented in Table 

3. 

Table 3. Prevalence of PDR in the study population stratified by different groups. 

Phases I II I + II 

Characteristics Total, n PDR, n (%) Total, n PDR, n (%) Total, n PDR, n (%) 

Sex 
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viral drugs and (b) antiretroviral drugs with DR levels. Error bars represent 95% CIs. Abbreviations:
ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; LPV/r, lopinavir/ritonavir; ABC, aba-
cavir; AZT, zidovudine; d4T, stavudine; ddI, didanosine; FTC, emtricitabine; 3TC, lamivudine; TDF,
tenofovir disoproxil fumarate; EFV, efavirenz; NVP, nevirapine.

PDR to NRTIs decreased from 5.0% (95% CI, 1.8–10.9%) in phase I to 0.8% (95% CI,
0.0–4.2%) in phase II (p = 0.06), mainly due to ddI. The PDR prevalence rates of other NRTI
ARV drugs were 2.5% (95% CI, 0.5–7.3%) and 0.8% (95% CI, 0.0–4.2%) for ABC, AZT, d4T,
and TDF, and 0.8% (95% CI, 0.0–4.6%) and 0.0% (95% CI, 0.0–2.8%) for FTC and 3TC in
phases I and II, respectively.

PDR to NNRTIs slightly increased from 5.0% (95% CI, 1.8–10.9%) in phase I to 6.0%
(95% CI, 2.6–11.8%) in phase II for EFV (p = 0.79) and remained almost the same in phases I
and II (6.7% (95% CI, 2.9–13.1%) and 6.8% (95% CI, 3.1–12.8%)) for NVP. However, PDR in
patients in phase II of the study was predominantly found to be at high levels (Score ≥ 60)
(Figure 2b).

3.5. Factors Associated with PDR

We explored PDR prevalence and its associated risk factors—sex, transmission risk
group, HIV-1 genetic variant, prior ARV exposure, and region of origin.

Because of the small sample size, most of the identified associations were not statis-
tically significant; therefore, we combined the data obtained in the two phases for this
analysis. The associations in each phase are separately and collectively presented in Table 3.
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Table 3. Prevalence of PDR in the study population stratified by different groups.

Phases I II I + II

Characteristics Total, n PDR, n (%) Total, n PDR, n (%) Total, n PDR, n (%)

Sex

Male 79 10 (12.7) 92 10 (10.8) 171 20 (11.7)

Female 41 1 (2.4) 41 1 (2.4) 82 2 (2.4)

Transmission risk group

Heterosexual 102 9 (8.8) 101 6 (5.9) 203 15 (7.4)

MSM 6 1 (16.7) 18 3 (16.7) 24 4 (16.7)

IDU 11 1 (9.1) 14 1 (7.1) 25 2 (8)

Unknown 1 0 0 0 1 0

HIV-1 genetic variant

A6 95 4 (4.2) 114 6 (5.3) 209 10 (4.8)

B 12 5 (41.7) 6 1 (16.7) 18 6 (33.3)

Non-A (Including B) 25 7 (28.0) 19 4 (21.1) 44 11 (25.0)

Prior ARV exposure

Yes 7 0 6 2 (33.3) 13 2 (15.4)

No 113 11 (9.7) 127 8 (6.2) 240 19 (7.9)

Region of origin

Yerevan 30 6 (20.0) 34 2 (5.9) 64 8 (12.5)

<50 km from Yerevan 34 5 (14.7) 44 6 (13.6) 78 11 (14.1)

>50 km from Yerevan 46 0 55 2 (3.6) 101 2 (2.0)

Abbreviations: MSM, men having sex with men; IDU, intravenous drug users; ARV, antiretroviral.

There was a significant correlation between sex and DR. Men were more likely to
have HIV drug-resistant variants (11.7%) than women (2.4%) (p = 0.0156). Among the risk
groups, the MSM group had the highest prevalence of DR (4/24; 16.7%), which was not
significant due to the small sample size (p = 0.1233).

There was a significant difference in the prevalence of PDR among HIV-1 genetic
variants. In total, 10 cases of sub-subtype A6 out of 209 (4.8%) and 6 cases of subtype B out
of 18 (33.3%) showed PDR (p = 0.0005).

We also analyzed the association between PDR and patients’ regions of origin. As a
result, PDR was found in residents of the capital, Yerevan (12.5%; p = 0.0143), and within
50 km of it (14.1%; p = 0.0026) more often than in residents of regions more than 50 km
away (1.9%).

There were no significant associations between the emergence of PDR in patients and
their experience with ART.

3.6. Cluster Analysis

To further understand the transmission of DR, we analyzed transmission clusters based
on HIV-1 sequences from both phases of the study and showed these on the phylogenetic
tree (Figure 3a). A total of 66/253 (26.1%) sequences were linked, forming 26 transmission
clusters ranging in size from two to eight individuals.
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transmission clusters. Green circles indicate women, and blue triangles are men. Red stars indicate
sequences harboring SDRMs. Label branches of clustering sequences harboring SDRMs are contained
in corresponding SDRMs. Labels are colored according to the transmission route: green, pink, and
blue for heterosexual, IDU, and MSM, respectively. Abbreviations: MSM, men having sex with men;
IDU, intravenous drug users.

We determined the characteristics of the clusters, including phase of study, sex, trans-
mission route, region of origin, genetic variant, and SDRMs (Table 4).

Table 4. Factors associated with transmission within clusters.

Characteristics Total, n Clustering, n (%)

Phase

I 120 22 (18.3)

II 133 44 (33.1)

Sex

Male 171 44 (25.7)

Female 82 22 (26.8)

Transmission risk group

Heterosexual 203 47 (23.2)

MSM 24 14 (58.3)

IDU 25 5 (20.0)

Unknown 1 0

HIV-1 genetic variant

A6 209 53 (25.4)

B 18 11 (61.1)

C 2 0

URF0263 5 2 (40.0)

CRF03_AB 2 0

CRF06_cpx 1 0

CRF24_BG 1 0

CRF63_02A1 15 0

Region of origin

Yerevan 64 19 (29.7)

<50 km from Yerevan 78 15 (19.2)

>50 km from Yerevan 101 32 (31.7)
Abbreviations: MSM, men having sex with men; IDU, intravenous drug users.

The proportion of patients from phase II entering the transmission clusters was higher
(44/133, 33.1%) than patients from phase I (22/120, 18.3%) (p = 0.0097). Notably, there were
six clusters that included patients from both phases of study, five clusters that contained
patients only from first phase, and 15 clusters from second only.

We found that MSM patients were significantly more often involved in transmission
clusters (14/24, 58.3%; p = 0.0001), whereas heterosexual patients were less often involved
(47/203, 23.2%; p = 0.0468).

Interestingly, we found that among clustering male individuals, MSM and heterosexual
contact were cross-linked. Five clusters involving only 19 male patients included at least
one MSM in each of them.

Individuals infected with the B subtype were part of transmission clusters more often
(11/18, 61.1%) than those infected with other genetic variants (55/235, 23.4%) (p = 0.0012).
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The frequency of SDRMs did not significant differ (p = 0.2822) between clustering (7/66,
10.6%) and non-clustering individuals (12/187, 6.4%). We also observed in the network
three clusters with shared SDRMs (Figure 3b). Cluster A contained a man and woman from
phase II of the study infected with URF0263 with the K103N (NNRTI mutation). Cluster B
included four male patients (3 MSM + 1 heterosexual) from phase I and four male patients
(3 MSM + 1 heterosexual) from phase II infected with subtype B, two of them harboring
T69D (NRTI mutation). Cluster C contained two heterosexual male individuals from phase
I and one MSM male individual from phase II infected with subtype B with L210W, T215D
(NRTI mutations), and Y181C (NNRTI mutation).

Among the analyzed factors, no significant differences were found between clustering
and non-clustering individuals in region of origin and sex. However, in clusters containing
more than two individuals (five clusters), the difference between involved men (21/171,
12.3%) and women (3/82, 3.7%) was significant (p = 0.0371).

4. Discussion

Every year, Armenia nears the targets to end the public health threat of the AIDS
epidemic. Based on data from national studies [3,4], there are gaps in the continuum of
care and treatment for people living with HIV in terms of approaching the first (77%) and
second (81%) “95” targets. The third “95” (86%) is the closest to being achieved.

It is interesting to note that although the inclusion criteria were the same in both phases
of the study, in the second phase, there was a three-fold increase in MSM (p = 0.03). An
increase in HIV prevalence among MSM in Armenia from 0.8% to 5.0% in 2016–2021 was
also shown in an integrated biological and behavioral assessment report [23]. In addition,
in the second phase, a 1.5-fold decrease in CD4+ T-cell count (p = 0.53) can be seen, which
likely indicates a higher number of late-diagnosed patients. In our study, it is difficult to
understand the reasons for this; however, it may be related with delaying and/or avoiding
seeking medical care due to the COVID-19 pandemic.

In 2017, Armenia adopted the “treat-all”, “treat-early”, and “treatment as the preven-
tion” WHO strategy; as a result, the coverage of patients who received ART significantly
increased, which led to an increase in the prevalence of HIV-1 DR.

This study demonstrated a moderate prevalence of DR among newly diagnosed
PLWH before initiation or re-initiation of first-line ART in Armenia. It was higher than the
prevalence (1.5%) determined in the country in a previous study [24] of 67 treatment-naïve
patients whose blood samples were collected in 2009–2010.

In the present study, the prevalence of any PDR ranged from 9.2% in 2017–2018 (phase
I) to 7.5% in 2020–2021 (phase II). Notably, PDR to NNRTIs EFV and NVP was found
among 5.0% and 6.7% of patients in phase I, and 6.0% and 6.8% of patients in phase II,
respectively. Thus, the WHO-recommended 10% threshold at which it is necessary to
change the ART regimen [10,20] was not reached. It should be noted that there was no
increase in the prevalence of DR over time. Moreover, because of the current preferred
non-NNRTI first-line ART regimen, it can be expected that the prevalence of resistance
among patients initiating ART will not increase.

The current study was limited by the lack of the analysis of DR to integrase inhibitors,
although the first-line ART regimen at that time already included dolutegravir. From
our study, only the predicted efficacy of the NRTI components of the recommended ART
regimen could be concluded. DR to tenofovir (0.8–2.5%), lamivudine (0–0.8%), and emtric-
itabine (0–0.8%) was found in isolated patients.

Because of the high percentage of PLWH with successful ART and low prevalence of
DR to first-line ART drugs, we suggest that the genotyping test is not required as routine
care prior to ART in Armenia. However, it is periodically necessary to conduct surveillance
studies in this country, which should include the analysis of DR to integrase inhibitors.

This is especially important due to the high level of population migration, the main
risk factor for HIV infection in the country [13]. The high level of population migration is
reflected in the high diversity of HIV genetic variants circulating in the country. Armenia
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has the largest number of HIV subtypes and CRFs among the EECA countries according to
the results of our first study [15].

The predominance of HIV-1 sub-subtype A6 in Armenia is consistent with previ-
ously published data on the circulation of HIV-1 genetic variants in the former Soviet
Union [15,25,26] and suggests a close relationship between the HIV epidemics in these
countries. Since the Russian Federation is historically the main state for Armenian labor
immigrants to work in [13,24], it is quite natural that A6 dominates in both countries. The
closeness of the epidemiological process in Armenia and the Russian Federation is also
confirmed by the similar prevalence of CRF63_02A6, which accounts for 7.0% in Russia [27]
and ranges from 5.0% to 6.8% in Armenia according to our results. At the same time, in the
countries of Central Asia, the prevalence of CRF63_02A6 is much higher, and in Tajikistan,
it is the dominant genetic variant [15]. Five samples, identified as URF0263, indicated a
connection between the HIV-1 epidemics in Armenia and Central Asian countries, where
various AG recombinants are most often detected [28]. However, all changes in the distri-
bution of genetic viral variants were not significant, perhaps due to the small size of the
studied groups. For more robust molecular epidemiology studies, sampling density should
be increased.

Our results cast a light on the factors associated with PDR in Armenian PLWH. The
rate of PDR was the highest among men (11.7%), subtype B (33.3%), and residents of
the capital, Yerevan (12.5%), and living less than 50 km from it (14.1%). In addition, the
MSM transmission risk group had the highest prevalence of DR (16.7%), which was not
significant due to the small sample size. These findings should be validated using a larger
sample size.

Cluster analysis allowed us to better understand the features of HIV distribution
and DR transmission. The larger clusters, which consisted of more than two sequences,
included mostly men (p = 0.029). In addition, large growing clusters, which consisted
of sequences from both phases, always included samples from MSM. The cross-linked
sequences from MSM and heterosexual men in the absence of women sequences in clusters
were common. We can conclude that homosexual transmission cases of infection are
underreported. Additionally, MSM is a risk group in which the fastest spread of infection
with drug-resistant viral variants is taking place.

The results of our analyses suggest the necessity of implementing effective interven-
tions targeting MSM of PLWH in Armenia to prevent the spread of HIV-1 DR.

It is important to note that the sample mainly consisted of newly diagnosed patients.
Thus, the described prevalence of DR and genetic variants reflected the current situation
in Armenia.

The analysis of DR was performed at a significant time point, i.e., after the large-scale
introduction of ART at the time of the transition to new first-line regimens.

In conclusion, our work expanded the available molecular and epidemiological data
from Armenian HIV-infected patients by three-fold. We believe that this is important for a
public-health response to the HIV epidemic, including the development of antiviral drugs
and vaccines, which are especially essential in a country without routine HIV DR testing.
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